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VALVED MOISTURE BARRIER 



ABSTRACT 

Conventional advice is to place the moisture barrier for thermal insulation on the warm side - to 
avoid dewpoint condensation. With heating and cooling seasons this has not explicitly been done. This 
invention includes a moisture barrier bypass leakage valve such that the moisture barrier is always on the 
warm side. 
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INTRODUCTION 



For building insulation it has long been recommended that the moisture barrier be placed on the 
warm side. Usually the barrier is placed on the inside boundary of the insulation, since heating has histori- 
cally been the major concern. Now that buildings have both heating and cooling seasons, the recommenda- 
tion cannot be fully followed. 

Relative humidity on the outside cannot exceed 100 percent. During heating season temperature in 
the insulation is at least slightly higher than on the outside. Hence, by venting to the outside (ie, moisture 
barrier on the inside) via a leakage valve, the temperature in the insulation can never fall to the dewpoint. 
During cooling season it is reversed: venting to the inside (ie, moisture barrier on the outside) again pro- 
vides humidity that cannot reach the dewpoint in the insulation. If these changes in venting are not met, 
dewpoint can be reached in the insulation, damaging the insulation and offering a bed for mold and germ 
infestation. 

The subject invention places the insulation within an Interspace that is enveloped by moisture barrier 
- and adds one or two leakage bypass valves, such that venting is always to the coolside. The simplest im- 
. plementation is a manual lever or knob on the leakage valve to switch between inside and outside venting. 
An automated implementation uses inside and outside temperature sensors such that the inside/outside 
differential temperature determines which side is vented. 

The invention is applicable to thermopane windows, where glass panes are the moisture barrier and 
air in the Interspace is the insulation. Without coolside venting during the cooling season, when the the 
warm outside humidity is high, condensation occurs on the Interspace side of the cooler inside pane. Inevi- 
tably the condensation streaks and cannot be cleaned; the remedy is costly: thermopane replacement. 

THERMOPANE 

Thermopane provides a clear demonstration of the problem, as shown in Figure 1 . The Figure de- 
picts a warm outside temperature and a cool inside temperature, with intermediate temperature in the Inter- 
space sandwiched between the panes. A temperature profile is shown. The outside temperature dips near 
the outer pane owing to gravity convection (air is warmed along a warm surface, and rises; is cooled along 
a cool surface, and falls). If air circulation is owing to gravity convection only (ie, there is no wind), the 
temperature dips in the thermal boundary layer. An analogous dip takes place on the inside surface of the 
outer pane, and on both sides of the inner pane. 

With the Interspace insulation consisting of air, gravity convection sets up circulating air currents 
(the principal means of heat transmission through gaseous insulation). Vacuum in the Interspace is ideal 
but requires impracticably thick glass. Dry gas (eg argon) trapped in the Interspace avoids the condensation 
problem; but vacuum or dry gas requires impracticably perfect and durable seals. The usual thermopane uses 
air in the Interspace, vented such that the air pressures (ie partial pressures of air constituents - nitrogen, 
oxygen, . . .) are the same on the outside, the Interspace, and the inside - to avoid stressing the panes. How- 
ever, water vapor is the one air constituent where the partial pressures are not the same in the three regions. 

Vapor pressure is uniform in the Interspace, equal to p s , owing to convection currents. Having the 
"moisture barrier on the warm side" is technically equivalent to "equalizing the vapor pressure in the cool- 
side and Interspace regions". The coolside leakage valve is the means for doing this. An object of this in- 
vention is control of water vapor pressure in the interspace. 



CONVENTIONAL INSULATION 

For conventional building insulation there is no need for a transparent moisture barrier. Further, 
convection currents within the Interspace are substantially reduced. To foster adequate convection it may 
be useful to: (1) use leakage valves at the top and bottom of the Interspace; or, (2) explicitly provide ade- 
quate convection circulation paths in the insulation. 

THEORY 

In a moisture barrier membrane, the (water) vapor leakage flowrate q, per unit area, is 

q = ctAp, (1) 

where a is the leakage conductivity per unit area, and Ap is the vapor pressure difference across the banier. 
For a membrane of surface area A, the overall leakage Q is 

Q = qA = CAp, (2) 
where the leakage (flow) conductance C is 

C = oA. (3) 
Leakage Q s around the barrier's end seals is 

Qs^CsAp, (4) 

where C s is the end seals* leakage conductance. 

At pressure equilibrium, continuity requires that the sum of all leakage across the entire membrane 
(ie, inside and outside barriers) be zero. Hence, for an Interspace bounded by an inside and outside barrier, 
the Interspace vapor pressure p s is 

Ps = (PiCi + p 0 C o )/(Ci + Co) (5) 

where pi and Q are respectively the inside's vapor pressure and barrier conductance; and p c and C 0 are the 
outside's. For a perfect moisture barrier, conductance C is zero. 

When we add bypass leakage valves (ie, inside and outside throttleable vent valves) the Interspace 
vapor pressure p 5 is 

Ps = [Pi(Ci + C si + Cvi) + Po(C 0 + Cso + Cvo) j/[ Q + C* + Cvi + C P + Cgo Cvo 

], (6) 

where Qi and Cvi are respectively the inside's seal and leakage valve conductances; and C^ and Cvo are the 
outside's. Hence, 

p, = pi for (C 0 + Qo + Cvo)/(Cj + Qj + Cvi) « 1 , (7a) 



Ps = Po for (Ci + C si + Cvi)/(Co+ C so + Cvo) « 1 . 



(7b) 



Throttleable leakage valves can be adjusted such that Interspace pressure p s can be anywhere between pi and 
Po. 

Note that the inside barrier's inherent leakage conductance Q + C S i (owing to porosity and leaky 
seals) need not be stringently low; rather Q + C* should simply be low compared to Co, the open conduc- 
tance of the outside leakage valve. Thus, poor and degraded seals are relatively unimportant. Stated other- 
wise, the outside leakage valve's open conductance need not be exceedingly high; rather it simply need be 
high compared to the inside barrier conductance. Thus, with reasonably low barrier and seal conductance, 
the leakage valve mechanisms can be quite small. They need only be large enough to prevent substantial 
pressure stress to the barrier owing to changing barometric pressure. 

IMPLEMENTATION 

Implementation to control water vapor pressure involves a single leakage valve which can be opened 
or closed manually, as shown in figure 2a The simplest valve arrangement has fixed outside leakage (via 
seals and/or barrier porosity). A single leak valve to the inside is shown. When the leakage valve is shut, 
the fixed outside leakage establishes Interspace vapor pressure p s equal to outside vapor pressure p 0 - which 
• is equivalent to having the moisture barrier on the inside. When the valve's leakage is open, set large com- 
pared to the fixed outside leakage, then p s is effectively the same as the inside pressure p 0 - which is 
equivalent to having the moisture barrier on the outside. 

If leakage is low in the outside barrier and seal, then an explicit throttled vent should be 
added, as shown in Figure 2b. An advantage of separate control is that, under certain climate conditions, 
it may be adequate to set Ci and C 0 such that the intermediate value of p s is always above the dewpoint - 
even as ps and p 0 vary with humidity conditions, 

Better, two valves are ganged in a bivalve - as shown in Figure 2c - such that one manual control 
opens-inside/closes-outside valves, and vice versa. 

Figure 3 shows opposing bimetal rods as a differential temperature actuator, whose net motion 
moves a bivalve's (or, optionally, single valve's) valve piston in proportion to the inside/outside differential 
temperature AT. Full leakage valve closure occurs when AT exceeds a predetermined value. 

Art of the bimetal is well established. If a bimetal rod is formed at temperature T f> the rod is straight 
at Tf, and curves one way or the other when the temperature T is above or below T f . Figure 3's straight 
bimetal rods are formed at the same Tf; but are constrained not to bend when the bucking rods are both at 
a temperature different from Tf, and AT is zero. The attached valve piston moves up or down symmetrically 
as AT is positive or negative. 

It may be well to bias the bivalve in favor of the inside vent. This can be done by using bimetal rods 
whose TfS are different: the bucking rods are straight when AT is the same as the difference in Tf s. Alterna- 
tively, Figure 3's coupled pistons can be constructed unsymmetrically. 

The reason for inside bias is that outside relative humidity may reach 100 percent; inside humidity 
in an air conditioned environment is never close to that (ie inside dewpoint is considerably less than inside 
temperature). Thus inside venting will not result in Interspace condensation until outside temperature is 
considerably less than inside temperature. 

If |T - Tfj is too large, figure 3*s configuration might cause strains that exceed the bimetal's elasticity 
limit. Figure 4's differential temperature actuator leaves each bimetal rod unconstrained. The rods* end- 
points are connected by an insulated spring: the spring's midpoint is connected to Figure 3's piston, which 



is reproduced, with connection pin, in Figure 5. Figure 5 shows ANSI34 plastic as the piston, because it 
thermally isolates the valve from the rods 1 temperature differences. 

A sophisticated implementation involves wristwatch-sized electronics - with a variety of temperture 
and humidity inputs from inside, outside, and Interspace - which actuate inside and outside microvalves for 
optimal vapor pressure control. 

FIGURES 

Figure 1 depicts a thermopane window, and shows the temperature profile when the outside tem- 
perature is warm, and the inside cool. Gravity convection in the outside air causes the air to fall when cooled 
by the outside pane, causing a boundary layer dip in temperature at the outside pane. Gravity convention 
in the Interspace causes air circulation, and accounts for the somewhat nonlinear temperature profile. The 
inside boundary layer is also shown. 

Figure 2 depicts a usual moisture barrier - where conventional insulation may fill the Interspace and 
convection currents are reduced. The simplest valve arrangement has fixed outside leakage (via seals and/or 
barrier porosity). A single leakage valve to the inside is shown in Figure 2a. When the leakage valve is shut, 
the fixed outside leakage establishes Interspace vapor pressure p s equal to outside vapor pressure p 0 - which 
is substantially equivalent to having the moisture barrier on the inside. When the valve's leakage is set large 
■compared to the fixed outside leakage, then p s is substantially the same as the inside pressure pi - which is 
substantially equivalent to having the moisture barrier on the outside. 

If leakage is low in the barrier and seal, then an explicit throttled vent should be added, as shown in 
Figure 2b. Alternatively, Figure 2c shows a single bivalve - with conduits to inside, outside, and Interspace 
- which can be switched to inside or outside. 

Figure 3 shows a leakage bivalve (alternatively, single valve) connected to a constrained differential 
temperature actuator, discussed above. 

Figure 4 shows an unconstrained differential temperature actuator. Its pin bearing accommodates 
Figure 5's valve pin, as shown. 

Figure 5 shows Figure 3's bivalve, with a pin to connect to a manual or a differential temperature 
actuator 

Figure 6 shows a bistable bivalve (alternatively, single valve). The armature has two stable positions: 
nearest the permanent magnet's : (1) North pole; or (2) South pole. A differential temperature actuator, via 
the spring connection shown in Figure 4, forces it to one or the other position. 

DRAFT CLAIMS 

1 . Thermal insulation with means to control vapor pressure therein. 

2. Claim 1, with a moisture barrier. 

3. Claim 2, with a leakage valve. 

4. Claim 2, with an Interspace bounded by an inside and an outside moisture barrier. 

5. Claim 1 , with an Interspace bounded by an inside and an outside moisture barrier, with a leakage bi- 
valve. 

6. Claim 5, with a differential temperature actuator. 

7. Claim 1, with an Interspace bounded by an inside and an outside moisture barrier, with a bistable 
leakage bivalve. 

8. Claim 7, with a differential temperature actuator. 
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VALVED MOISTURE BARRIER 



ABSTRACT 

Conventional hygrothermal advice is to place the moisture barrier for thermal insulation on the 
warm side - to avoid dewpoint condensation. With heating and cooling seasons this has not explicitly 
been done. We propose insulation fully enclosed by a moisture barrier, plus inside and outside bypass 
. leakage valves - actuated by a differential temperature bimetal - such that the moisture barrier is always 
on the warm side. The mechanism can be sized small to fit within a thermopane window, or larger to 
service hundreds or thousands of square feet of envelope insulation. 
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Figure 1. An insi de-outs ide bivalve, with magnet means to make the valve bistable. Only 
stable positions for armature are: (1) nearest to North pole; or, (2) nearest to South pole. Figure 
2's pin bearing actuates bivalve. 




INTRODUCTION 

Relative humidity (RH) on the outside does not exceed 100 percent. During heating season, tem- 
perature in the insulation is at least slightly higher than on the outside. Hence, by venting to the outside (ie, 
moisture barrier on the inside) via a leakage valve, the temperature in the insulation can never fall to the 

. dewpoint. During cooling season it is reversed: venting to the inside (ie, moisture barrier on the outside) 
again provides humidity that cannot reach the dewpoint in the insulation. 

If these changes in venting are not met, dewpoint is reached in the insulation, causing damages 

* cited by «http://www.oml.gov/roofs+walls/research/envelope.htm»: 
"Building materials, like all other materials around us, have different affinities toward storing moisture. 
As moisture accumulates within the building envelope assembly, the energy efficiency can be reduced by 
up to a factor of three, or even more if evaporation and condensation occur inside the envelope. If moisture 
accumulates above a critical material-dependent threshold, the building components begin to rot, corrode, 
or otherwise degrade in structural or functional integrity. Damage induced by moisture includes rotting of 
wood studs and other components, corrosion of steel frame members, salt transport, mold growth, and efflo- 
rescence. Such damage is related to the inability of the building owner to control moisture within acceptable 
limits". 

The proposed device is applicable to thermopane windows, where glass panes are the moisture barri- 
ers and air in the Interspace is the insulation. Without coolside venting during die cooling season, when the 
warm outside humidity is high, condensation occurs on the Interspace side of the cooler inside pane. Inevi- 
tably the condensation streaks and cannot be cleaned; the remedy is costly: thermopane replacement. 

A modicum of convection current within the Interspace is needed - to assure that the vapor pressure 
is uniform throughout. 

Having the moisture barrier on the warm side is technically equivalent to having the Interspace vapor 
pressure equal to the coolside vapor pressure. The coolside leakage valve is the means for doing this. 

THEORY 

It can be shown that the vapor pressure p s within the insulation - ie within the Interspace sandwiched 
between the inside and outside moisture barriers - is 

Ps 38 (PiQ + poCo )/( Q + Co ) , (1) 

where pj and p 0 are respectively the inside and outside vapor pressure; and, Q and C Q are respectively the 
leakage flow conductances of the inside and outside leakage valves. Hence, 
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Ps-Pi 



forCo/Ci «1 , 



(2a) 



p s = Po forCj/Co « 1 . (2b) 

When a valve is shut its leakage flow conductance is zero. Throttleable leakage valves can be adjusted such 
that p s can be anywhere between pj and p 0 . 

Poor and degraded seals become relatively unimportant. The coolside leakage valve's full open 
conductance need not be exceedingly high; rather it simply need be high compared to the leakage flow con- 
ductance of the seals and barrier membrane. Even with a degraded moisture barrier, the leakage valve 
mechanisms can be quite small. They need only be large enough to track vapor pressure changes and to 
prevent substantial pressure stress to the barrier owing to changing barometric pressure. 

A small valved barrier system is envisioned for a thermopane window; larger for several hundred 
sq ft of batt; largest for roof or attic insulation. In an attic, for instance, the moisture barrier is painted all 
around, and the Valved Moisture Barrier System consists of three modules: (1) coolside thermometer and 
leakage valve(s), possibly with fan; (2) similar for warm side; (3) control unit to ascertain differential tern- 
• perature (AT) and actuate the leakage valves (and fans). 

Saturation water vapor pressure about doubles for every 10 degrees Celsius. Stated otherwise, if in- 
side RH is 50%, then the dewpoint is about 10 degrees below indoor temperature; if 25%, then 20 degrees. 
Figure 2 displays a bimetal AT actuator that is symmetric when AT = 0 - and so the leakage bivalve 
switches between inside and outside at AT - 0. In practice one would modify the actuator or the bivalve 
such that switching occurs when the outside temperature is, say, 10 degrees cooler than inside. 

FIGURES 

Figure 1 shows a bistable bivalve. The armature has two stable positions: nearest the permanent 
magnet's: (1) North pole; or, (2) South pole. A differential temperature actuator, via the spring connection 
shown in Figure 2, forces it to one or the other position. 

Figure 2 shows a bimetal differential temperature actuator. Its pin bearing accommodates Figure 
1 's valve pin, as shown. 

STATEMENT OF WORK 

1 . Review of hygrothermal practice. 

2. Assembly of environmental enclosure to accommodate: (1) valved thermopane; and, (2) 8-10 
sq feet of valved envelope insulation. 

3. Acquisition of temperature and humidity sensors. 

4. Thermopane: 

(a) Construction of valved thermopane. 

(b) Conduct of tests simulating heating and cooling seasons, with various inside/outside 

temperature and humidity as parameters. 

(c) Test the control of p s as a function of C\ and C 0 

5. Envelope insulation: 

(a) Construction of valved insulation with inside and outside vapor barriers. 

(b) Conduct of tests simulating heating and cooling seasons, with various inside/outside 
temperature and humidity as parameters. 
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. - /■ i a- „«rfT ac function oft), and Final Report -with strategies 

nique for thermal insulation. 

DISCUSSION 

u- n e rnnductine R&D under government contracts and grants is over: 1995 
laboratory effort - wiU be conducted at the university. 
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